Five new lignans, ovafolinins A-E (1-5), were isolated from the wood of Lyonia ovalifolia (Ericaceae). The structures of 1-5 were elucidated based on 2D NMR spectroscopy, X-ray crystallography, and other chemical methods.
Lignans are a widely distributed class of dimeric phenylpropanoids, and are one of the major classes of phytoestrogens 1) that are known to alleviate menopausal symptoms and lower the risk of cardiovascular disease.
2) Furthermore, they also possess anticancer 3) and antiviral properties, 4) inhibit certain enzymes 5) and exhibit antioxidant activity. 6) In the present study, we targeted lignans from Lyonia ovalifolia var. elliptica, a deciduous tree distributed in Taiwan, China and Japan. Yasue et al. identified lyoniols-A, -B, and -C to be toxic components isolated from the leaves, 7) and lyoniside, which is a major component and lyoniresinol in the bark of this plant. 8, 9) In addition, Sakakibara et al. identified triterpene glycosides in this plant. 10, 11) Herein, we report on five novel lignans, ovafolinins A (1)-E (5), isolated from the wood of L. ovalifolia. Furthermore, we have identified ovafolinins A (1)-C (3) to bear a unique benzoxepin structure.
Results and Discussion
The filtrate of the aqueous EtOH extract of L. ovalifolia afforded new five lignans named ovafolinin A (1), B (2), C (3), D (4) , and E (5) along with lyoniside (6) and lyoniresinol (7) as known compounds. The ovafolinins were isolated by successive column chromatography on highly porous synthetic resin (Diaion HP-20), subsequent silica gel chromatography, and finally preparative reversed-phase HPLC.
Ovafolinin A (1) was obtained as a colorless prisms. The molecular formula was determined to be C 22 -7 and H-8,  H-8 and H-9, H-8 and H-8Ј, H-7Ј and H-8Ј , and H-8Ј and H-9Ј. The strong HMBC correlations of H-1 with C-2, C-3, C-5, C-6 and C-7 and of H-7Ј with C-4 suggests that 1 contains the A ring of an aryltetralin-type lignan. The existence of a B ring was confirmed by the HMBC correlations of H-7 with C-1, C-5, C-6, C-8, C-9 and C-9Ј and of H-7Ј with C-1Ј, C-8Ј, and C-9Ј. The C ring was suggested by the HMBC correlations of H-3Ј with C-1Ј, C-2Ј, and C-5Ј (Fig. 2) . One of methoxyl groups is linked to C-4Ј based on the HMBC correlations of the methoxyl protons ( Ovafolinins A-E, Five New Lignans from Lyonia ovalifolia Kenji and H-8, H-8 and H-8Ј, and H-7Ј and H-8Ј (Fig. 2) , the relative stereochemistry was assigned to be 7R*, 8S*, 7ЈR*, and 8ЈR*. Accordingly, the structure of ovafolinin A (1) was determined as shown in Fig. 1 . This assignment was confirmed by single-crystal X-ray diffraction analysis with a suitable single crystal, obtained by careful crystallization from methanol/water (Fig. 3) .
Ovafolinin B (2) H COSY and HMBC spectra between 2 and 1 suggest that 2 has the same basic structure as 1. Although the HMBC correlations between H-7 and C-1, C-8 and C-9 and between H-7Ј and C-4, C-5, C-6, C-1Ј, and C-2Ј showed that 2 is aryltetralin type lignan, similar to 1, a major difference between 2 and 1 was Vol. 58, No. 2 Table 2 . (Fig. 4) . Thus, the structure of 2 was determined as shown in Fig. 1 .
Ovafolinin C (3) was obtained as a yellowish-white amorphous solid. Its molecular formula was determined to be C 22 (9) from ovafolinin D (4) and that prepared from lyoniside (6) as shown in Chart 1. Because the two derivatives were indistinguishable in the NMR and MS data, the absolute structure of 4 was determined as shown in Fig.  1 .
Ovafolinin E (5) (1-4) , has no ether linkage between any of carbons in the aryltetralin-lignan skeleton (Fig. 1) .
Ovafolinins A (1)-E (5) were found to be inactive in the cytotoxic activity test on HL 60, HCT116, A549, and MCF7 cell lines.
Ovafolinins A (1)-C (3) were determined to be unique aryltetralin-lignans containing 7-membered ring formed by the C9-C-2Ј ether linkage. 1-3 bear a benzoxepin structures including the C ring of the aryltetralin-lingnan. In addition, ovafolinin D (4) is the first example of a naturally occurring aryltetralin-lignan bearing methyleneoxy-bridge.
Experimental
General Procedures Optical rotations were measured on a JASCO DIP-1000 digital polarimeter. IR spectra were recorded on a FT-IR 1710 spectrophotometer. UV spectra were obtained using a Hitachi U-2001 spectrophotometer. NMR spectra were measured on Bruker DRX-500 and DPX-400 spectrometers at 300 K. The 1 H-NMR chemical shifts in CDCl 3 and CD 3 OD calibrated to the residual CHCl 3 and CH 3 OH resonances at 7.26 and 3.31 ppm, respectively, and the 13 C-NMR chemical shifts were calibrated to the solvent peaks at 77.0 and 49.0 ppm, respectively. Mass spectra were obtained using a Micromass LCT spectrometer. Preparative HPLC was carried out on a Shimadzu LC-6AT system equipped with a SPD-10AVP detector and a reversed-phased column, Mightysil RP-18 prep (5 mg, 20ϫ250 mm), using (6) to Lyoniresinol Dimethyl Ether (8) Lyoniside (6, 1 g, 1.8 mmol) and CH 3 I (1 ml) were stirred in acetone (40 ml) at room temperature for 66 h to afford lyoniside dimethyl ether (330 mg) by silica gel chromatography (CHCl 3 : MeOHϭ10 : 1). This product was dissolved in EtOH (10 ml) and treated with an aqueous solution 5% H 2 SO 4 (2 ml) at 110°C under reflux for 7 h. After cooling, H 2 O was added to the mixture, and it was extracted with AcOEt. The AcOEt layer was dried over Mg 2 SO 4 , evaporated, and subjected to silica gel column chromatography (CHCl 3 : MeOHϭ20 : 1). The product was isolated and crystallized from benzene to yield lyoniresinol dimethyl ether (8, 208 mg 
